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ERM-NORTH CENTRAL, INC.'S
COMMENTS ON" THE MARCH 25, 1943

BASELINE RISK ASSESSMENT FOR THE
L E N Z OIL SERVICE, INC. SITE

LEMONT, ILLINOIS
JANUARY 24, 1995

This document presents comments on the March 23, 19C<3 "Baseline Risk Assessment tor

the Penz Oil Service, Inc. Site, Pemont, I l l inois , Revised F ina l Report" ( the R A ) .

Environmenta l Resources Management-North Central, Inc. (F.RM-Xorth Cen t r a l ) has

reviewed the RA and prepared these comments on behalf of the Penz Oil Pa r t i c i pa t i ng

Respondents, as a necessary part of preparing Revision 1 of the Feasibi l i ty Studv (FS) tor

the Penz Oil Site. The RA was prepared by PRC Environmental Management, Inc. (PRO

under contract to the U.S. Environmental Protection Agency (USEPA). The March 25,

1993 version is a revision of the August 24, 1992 RA, which had been modif ied to

address ERM-Xorth Central's comments of October 23, 1992.

1.0 INTRODUCTION

The comments on the modified document are divided into two categories:

Comments that significantly affect the f ina l results of the RA

; Section 2.0), and
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While the Pen/ Oil Part icipat ing Respondents do not believe that it is necessary for

USFPA to revise the RA based upon these comments, the Respondents believe the

comments must be considered by USEPA in connection with its evaluat ion of the

upcoming Revision 1 to the FS and subsequent decision on the selection of a remedy.

2.0 INHALATION RISKS

In general, these comments relate to the cancer risks calculated in the RA for exposure

of current adjacent residents and future on-site and adjacent residents via inhalation of

organics na tu ra l l y volatilized from the soils. These cancer risks, which were calculated

to be above the low threshold acceptable level of 1 x 10"n in the RA, are, in fact , less than

1 x 10", as shown in Attachment A and presented on the revised Tables 5.6 and 5.7.

Because the inhalation risks are about four orders of magnitude lower than the values

presented in the RA, the risks from exposure to soils should be about four orders of

magnitude lower than presented in the RA.

E.ru i r o n m e n l j l Resource-, M.inj^emi'nt - ' ,nrth C e n t r j l , Inc



More sp t - . k i ; K \ i l l v , FA\ l - \ ' o r th Cen t r a l d i s a g r e e s \ \ i f l : t h e : ^ - i U i h i ' i : metr.oa usec. t o

c a l c u l a t e t he v o l a t i l i z a t i o n rates fo r organics e m i t t e d f v o m the soi ls and t l i e

co r r e spond ing c a l c u l a t e d i n h a l a t i o n risi\ because the r e s u l t i n g - ' m i s s i o n ra tes .

• Are excessively high when compared to the resu l t s obtained

by using other methods described in documents publ ished by

the USEPA and the American Society tor Testing and

Materials (ASTM) (see Attachment A), and

• Deplete all the organics present at the site in less than seven

days, which is highly unrealistic.

As indicated in Attachment A, at least three other methodologies could be used to

determine the organics emission rates for the on-site soils. All of these methodologies

result in emissions (and thus, risks from inhalat ion of volati l ized organics) that are about

four orders of magni tude less than those calculated in the RA. ERM-Xorth Centra l

suggests the use of the methodology included in the USEPA's Risk Assessment Guidance

for Superfund: Volume I - Human Health Evaluat ion Manual (Par t B, Development of

Risk-Based Prel iminary Remediation Goals) (Interim, XTIS PB 93-963333, December 19<-H )

because it was specifically developed for use at Superfund sites. Specific comments

regarding this issue are set forth below, in the order in which the related in format ion

appears in the RA report.

1. Pages 81 through 95, Section 4.3 - The parameters that are included in this

section should be reevaluated after addressing the corrections indicated in these

comments. For example, trichloroethene, tetrachloroethene, benzene, and trans-

i-m i r o n m e n t j l Resources M j n j ^ e m o n t - N o r t h C V n t r j l . I m



i , 3 -v . ; i eh io rop ropene would no longer produce cance l ' ns.\s above . \ I P as a

r e s u l t of t he exposure o f f u t u r e res idents via i n h a l a t i o n of o rgan i c s v o l a t i l i z e d

f r o m the Area B soi l s , because tne cor responding cancer r i sks f r o m exposure to

these pa ramete r s via ingestion of and d e r m a l contact wi th soil are e>s than 1 x

10" , the fou r aforement ioned vola t i le organics would no longer be compounds of

concern.

Page 103, 5th through 7th Lines - The air concentrations calculated bv using the

equations in Appendix F are unrealistic, i.e., they result in all of the v o l a t i l e

organics vo la t i l i z ing from the soil in less than seven days, which is ce r t a in ly not

the case at the site. The RA should be modified by:

• Recalcula t ing the ambient air concentrations in Appendix E by using one

of the three methodologies referenced in Attachment A to obtain more

real is t ic results;

Modifying the associated tables in Appendix f bv using the revi;

ambient air concentrations; and

• Ad jus t i ng the conclusions presented in this section, as well as in Section / .0

and the Executive Summary, to reflect the new results of the Appendix I

calculat ions.

Page 141, 2nd Paragraph - As indicated in Comment 4.a and discussed in

Attachment A of this comment document, all of the inhalat ion risks should be

recalculated.

i- rr. i r o n merit.] I Kesour i es M.nu lament - Nor th C e n t r j l .



4. Append ix F

a. Pages E-l through E-3 - The new equa t ions beiiv^ used to c a l c u l a t e the a i r

emissions resul t ing from the vo la t i l i za t ion of organics f r o m the soils r e s u l t

in the depletion of all of the volatile organics f rom the site soils in less t h a n

seven days. Attachment A of this comment document summarizes the

calculat ions performed to arrive at this conclusion, and lists three other

methodologies that could be used to calculate the a i r emissions that would

result in more realistic air concentrations and inhala t ion risks. To be more

real is t ic , the methodology in the USEPA's Risk Assessment Guidance for

Superfund: Volume I - Human Health Evaluat ion Manual (Par t B,

Development of Risk-based Preliminary Remediation Goals (X'TIS PB ^2-

963333, December 1991) should be used for the calculation of the ambient

air concentrations resulting from the volatilization of organics from soils

and all of the inhalation risk calculations should be repeated.

b. Page E-2, Definitions of R and T - The values given for these two

variables are incorrect. The value of the gas constant should be 8.2 x 10"

a im-mVmal- 'K and the temperature 293 -'K. The value shown for the gas

constant on this page is actually the value of the product of R x T.

c. Page E-4, Table E-l - Some of the soil concentrations shown on this table

do not coincide with the RME values developed from the data presented

on Page C-19 of Appendix C as indicated on Page 28. The methodology

includes using either: (1) the maximum detected concentration if the "L>5-

Percent UCL" is higher than the maximum detected concentration, or 12)

I n v i r o n m e n t a l R e s t v i r t e s M.jn.i t ;ement - Nor th C e n t r a l . !ru



the '^-Percent L'GP' otherwise. S p e c i f i c a l l y , the soil concen t r a t i ons f o r :r,e
i

f o l l o w i n g parameters are d i f f e r e n t f rom those developed bv usi:v^

. A p p e n d i x C : m e t h v l e n e c h l o r i d e ; 1 , 1 . l - t r ; c h l o r o e t h a n e ; 2 -

methylnaphthalene; phenanthrene; anthracene; d i -n -bu ty lph tha l a t e ;

f luoranthene; pyrene; benzo(a)anthracene; chrysene; benzo(b) f luoran thene :

benzo lk j f luoran thene ; benzo('a)pyrene; indenoi l ,2,3-cd)perylene; and

benzo(g,h,i)pyrene.

d. Page E-5, Table E-2 - The soil concentrations shown on this table for

methvlene chloride; trans-l,3-dichloropropene; toluene; di-n-butylphthalate;

butyl benzyl phthalate; bis(2-ethylhexvl)phthalate; benzo(b)f luoranthene;

benzo(k)fluoranthene; indeno(l,2,3-cci)pyrene; benzo(g,h,i)perylene: and

Aroclors 1242 and 1254 do not coincide with the RMEs developed by using

Appendix C, Page C-22.

Appendix J, Tables J-7, J-10, and J-14 - These tables should be modified af te r the

air concentrations are recalculated. Also, according to Table 4-4, the inhalation

slope factor for benzene in Table J-10 should be 2.9 x 10"2 instead of 2.4 x 10".

t . n v i r o n m e n t a l Resources M a n a g e m e n t - \or1h C e n t r a l , [nc



3.0 EFFLCT OF T H E N E W L Y COLLECTED SOIL DATA ON THE B A S E L I N E R I S K

ASSESSMENT RESULTS

Between August 2 and 5, 1ML4 ERM-Nor th Cent ra l collected four a d d i t i o n a l soil samples

d u r i n g the ins ta l l a t ion of piezometers P-01, P-06, P-OS, and P-13 to de l inea te the extent

of the l i g h t nonaqueous phase l iquid presented at the Penz Oil Site. These comments

present an eva lua t ion of the effect of the newly collected soil data on the Baseline Risk

Assessment [RA] for the Penz Oil Services, Inc. Site, I emont, Illinois, prepared bv PRG

Environmental Management, Inc. dated March 25, 1993.

The laboratory ana ly t ica l results for the addi t ional soil samples, which are summarized

in Table 3-1, were compared to the soil data obtained during the RI . Based on this

comparative analysis, the following three parameters were not detected during the R l ,

but were found du r ing the LXAPL investigation at the concentrations shown:

Chlorobenzene, 6 f ug/kg;

• 3 Xitroaniline, 97] ug/kg; and

• n-N'itrosodiphenylarnine, 1,900 I ug/kg.

On December 28, 1994, ERM-North Central performed a search of the U.S.

Environmental Protection Agency's (USEPA) Integrated Risk Information System on l ine

database and the 1994 Health Assessment Effects Tables to determine the available

toxicity factors for these parameters. The toxicity factors, detected soil concentrations,

and RA equations (shown on Pages 47, 50, and 96 of the RA) were then used to calculate

the risks resulting from the ingestion and dermal contact with these parameters by

fu ture on-site residents.

1 m i r o n m e n t j l Resources M a n a g e m e n t - Nor th C e n t r a l , 1m.



As shown in Tab le 3-2, the calculated excess carc inogenic and noncarcir.ogemc r isks

resu l t ing f rom exposure to these parameters are at least ;wo and f o u r orders of

m a g n i t u d e lower t h a n the tota l calcula ted excess carcinogenic and norcarc ino^enic risks

presented in the revised Tables 5-6 and 5-7 for the site soils. Therefore , the risks

resulting f rom compounds detected dui ing the PNAPP invest igat ion but not detected

d u r i n g the RI, do not change the total risks calculated from the site soils, as shown in

the revised Tables 5-6 and 5-7.

E n v i r o n m e n t a l Resources M a n a g e m e n t - Nor th C e n t r a l ,
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T A B L E .1-:
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ATTACHMENT A

B A S E L I N E RISK ASSESSMENT COMMENTS
EVALUATION OF THE METHODOLOGY USED

TO CALCULATE AMBIENT AIR CONCENTRATIONS
FROM THE VOLATILIZATION OF ORGANICS

LENZ OIL SITE
LEMONT, ILLINOIS

1.0 INTRODUCTION

This a t tachment to the Comments on the March 25, 1993 "Baseline Risk Assessment tor

the Lenz Oil, Inc. , Site, Lemont, Illinois" (the "RA") presents an evaluat ion or the

methodology used to calculate the estimated ambient air concentrations produced by the

volat i l izat ion of organics at the site. This evaluation was prompted by the high

calculated cancer risks of more than 1 x 10" for volatile organics detected at

concentrations lower than 0.5 mg/kg. The associated level of volat i l izat ion resulted in

the dissipation of a l l of the volatile organic compounds (VOCs) from the site in less than

seven days, which is highly unrealistic.

After reviewing the available data, Environmental Resources Management-North Central,

Inc. (ERM-N'orth Central) used other methodologies published by the U.S. Environmental

Protection Agency (USEPA) and the American Society for Testing and Materials (ASTM)

to calculate the ambient air concentrations for the Lenz Oil site as a comparison check.

The results of these calculations show that the concentrations presented in the RA are

at least three orders of magnitude higher than the concentrations calculated by using

other methodologies. Therefore, a more realistic p/ocedure should be used to estimate

the ambient air concentrations resulting from the volatilization of organics. The



2.0 B A S E L I N E RISK ASSESSMENT METHODOLOGY

As shown on Pages E-l through E-3 of Appendix E of the RA, ambient air

concentrat ions were calculated by using the Farmer model described in the U'SEPA's

Superfund Exposure Assessment Manual (EPA/540/1-88 /001 , Apr i l 19SS), and

determining the soil gas concentrations by using the USEPA's A i r / S u p e r f u n d Na t iona l

Technical Guidance Study Series: Assessing Potential Indoor Air Impacts for Super fund

Sites (KPA-451 /R-M2-00 , 1992). The results of the calculations are shown on Tables E-l

and F-2 of Appendix E of the RA.

The time required for the compounds in the soil to be depleted through volatil ization

can be ca lcu la ted by using the initial mass of the compound in the soil and the

Appendix E emission rate per square meter, as follows:

M

Where:

Time for depletion of the organics, d

Mass of the organic chemical in the soil, g

= C, x Q x V x 1 x Ur g/ug

C, - Soil concentration, ug/kg

Q -= Soil density = 1,700 kg /m '



A \ d

A --- C o n t a m i n a t e d soil area = 3,300 nr and 17,200 nr for Areas A and B soi l - .

respectively (see Page F-4 of Appendix E)

d = Contaminated soil depth - 3 m for both Areas A and B

[•. ' = Emission rate, g/d

F x A x 86,400 s/d

F = Emission rate per square meter, g/s/nr

For example, the depletion time interval for benzene ( i .e . , f rom the Area A soils'), would

be calcula ted bv using a value of Q of 14.9 ug/kg and a value of E of 3.12 x 10" g / s nr

as listed on Table E-l of Appendix A.

The resu l t in t ime is:

t = (14.9 u g / k g ) (1,700 kg/nV) (5,300 m:) (3m) x (1 x 10'" g / u g )
13.12 x K'r g/s/rrr) (5,300 rrr) (86,400 s /d)

= 2.S2 days

The depletion times for the other parameters of concern in the Areas A and B soils ( i . e . ,

parameters shown with a calculated cancer risk higher than 1 x 10"" on Tables J-10 and

J-14 of Appendix I of the RA) are provided on Table A-l of this Attachment A. As

indicated in Table A-l, all of the calculated times for the dissipation of all of the VOC

mass in the soils are less than seven days.



3.0 OTHER G U I D E L I N E S

Methodologies to c a l c u l a t e the ambien t air concentra:ioirs r e s u l t i n g r rom :he

v o l a t i l i z a t i o n of organics were obtained from the fol lowing sources:

• Equa t ion 17 in the USEPA's Air- ' 'Superfund Nat ional Technical

Guidance Study Series, Volume II - Estimation of Baseline Air

Emissions at Superfund Sites, EPA-450/T-89-a, August 19m.

• Equa t ion 8 in the USEPA's Risk Assessment Guidance for

Super fund: Volume I - Human Health Evaluat ion Manual (Pa r t

B, Development of Risk-based Preliminary Remediation Coals),

NTIS PB92-963333, December 1991. This equation provides a

volatilization factor (VF) in rrvYkg. The ambient air concentration

can be calculated by dividing the soil concentration by the

calculated value of VF.

• Equation for calculating the value of VF_. i m b in kg/ 'm ' ( i .e . , the

factor to estimate volatilization of organics from subsurface soils

to the ambient a i r ) in the ASTM's Emergency Standard Guide for

Risk-Based Corrective Action Applied at Petroleum Release Sites,

ES 38-94, July 1994. The ambient air concentration can be

calcula ted bv multiplying the soil concentration times the

calculated value of VFsamb.



e q u a t i o n s .iiv . i t t a c ,ed as E x h i b i t A. Table A-2 presents a compar i son of t h e v a l u e s ot :

i ' . . i the emiss ion rate1 per square meter c a l c u l a t e d bv us ing the me thods in the i\A an.ci

the USEPA l'-'"0 document , and (2) the air concentrat ions ca l cu la t ed bv using the method

in tne RA and the USEPA 1991 and ASTM documents. In add i t i on , the chemica l - spec i f i c

data requ i red for these calculations are shown on Table A-3. As indicated in Table A-2,

the values ca lcu la ted in the RA are approximately fou r to six orders of magnitude higher

than the values calculated bv using anv other guidance.

4.0 CONCLUSIONS

Based on the values presented in Table A-2, the risk from the inhalat ion of vola t i l ized

organics would be about four orders of magnitude lower (i .e. , given the l inear

rela t ionship between-ambient air concentrati n and risk) than those presented on Tables

J-10 and J-14 of Appendix J of the RA and are, therefore, not of concern for the Lenz Oil

site.



TABLE A-1

TIME FOR DEPLETION OF ORGANICS IN SOILS AS A RESULT OF VOLATILIZATION
BASED ON THE BASELINE RISK ASSESSMENT CALCULATIONS

LENZ OIL SITE
LEMONT, ILLINOIS

"

Area

A

B

Parameter

Trichlorocthene
Tetrachloroethene
Benzene

Trichloroethene
Tetrachloroethene
Benzene
trans-1 ,3-Dichloropropene

Soil
Concentration

(ug/kg) .

74.9
100
14.9

69.7
217
15.9
2.07

Soil
Density
(kg/mA3)

1,700
1,700
1,700

1,700
1,700
1,700
1,700

Contaminated
Area
(mA2)

5,300
5,300
5,300

17,200
17,200
17,200
17,200

C

" "
Contaminated

Depth
(rn)

3
3
3

3
3
3
3

Contamina ed
Soil

Volume
(mA3J

15,900
15,900
15,900

51,600
51,600
51,600
51,600

Mass of
Contaminant

in Soil

(Q)

2.02E + 03
2.70Et03
4.03E+02

6.1 1E+03
1.90Ef04
1 .39E+03
1.82E.02

Normalized
Emission Emission

Rate Rate
uj's ;m"2] , (>j'd)

1 48E-06 f> /«Et02
1 78E-06 8 ,1 - lb - tO?
3 12E-0/ 1.43Et02

1.30r-0ti ? O b E , 0 3
3.86E 06 5 73T+03
333E-0 / 4 .95E i02
1.77E-08 ; : : ' ,6?r - f01

:

Time for
disappearnnc

nil

^ 99
5 3?

2.82

2.9'J
3 3IJ

2.8 'j
u ').



TABLE A-2

COMPARISON OF EMISSION RATES AND AMBIENT AIR CONCENTRATIONS
CALCULATED BY USING DIFFERENT METHODOLOGIES

LENZ OIL SITE
LEMONT, ILLINOIS

Area

A

B

Parameter

Trichloroethene
Tetrachloroethene
Benzene

Trichloroethene
Tetrachloroethene
Benzene
trans- 1 ,3-Dichloropropene

Normalized Emission Rate
(g/s/mA2)

Baseline Risk
Assessment

1.48E-06
1.78E-06
3.12E-07

1.38E-06
3.86E-GL
3.33E-07
1.77E-08

USEPA, 1990

2.05E-10
9.71E-11
4.53E-11

1.90E-10
2.11E-10
4.83E-11
2.38E-12

Ambient Air Concentrations
(g/mA3)

Baseline Risk
Assessment

2.25E-01
2.96E-01
4.18E-02

2.10E-01
G.43E-01
4.46E-02
2.34E-03

USEPA, 1991

6.80E-08
8.S7E-08
1.37E-08

1.15E-07
3.39E-07
2.66E-08
1.88E-09

ASTM ES 38-94

7.4GE-OG
I.10E-OH
1 .39E-OG

G.95E-06
2.40E-05
1.48E-06
6./3E-08

Key:

USEPA, 1990 -- AIR/SUPERFUND NATIONAL TECHNICAL GUIDANCE STUDY SERIES VOLUME II - ESTIMATION OF
BASELINE AIR EMISSIONS AT SUPERFUND SITES, U.S. Environmental Protection Agency, EPA-450'1-89-002u,
August 1990.

USEPA, 1991 = RISK ASSESSMENT GUIDANCE FOR SUPERFUND: VOLUME I - HUMAN HEALTH EVAI UATION
MANUAL (PART B, DEVELOPMENT OF RISK-BASED PRELIMINARY REMEDIATION GOAl S) Interim.
U.S. Environmental Protection Agency, NTIS PB 92-963333, December 1991.

ASTM ES 38-94 = EMERGENCY STANDARD GUIDE FOR RISK-BASED CORRECTIVE AC I ION APPI IED A 1
PETROLEUM RELEASE SITES, ES 38-94, American Society for Testing and Materials.



TABLE A-3

ADDITIONAL PHYSICO-CHEMICAL DATA REQUIRED TO CALCULATE THE
VOLATILIZATION OF CONTAMINANTS FROM SUBSURFACE SOILS

LENZ OIL SITE
LEMONT, ILLINOIS

Area

A

B

Parameter

Trichloroethcne
Tetrachloroethene
Benzene

Trichloroethene
Tetrachloroethene
Benzene
trans-1 ,3-Dichloropropene

Henry's Law
Constant (1)
[atm-mA3/mol}

0.0091
0.0259

0.00559

0.0091
0.0259

0.00559
0.0013

Vapor
Pressure

(atm)

0.0762
0.0234
0.1253

0.0762
0.0234
0,1253
0.0329

._.

Molecular
Weight
(g/rnole)

131
166
78

131
166
78
111

Diffusivity
in Air (1)

__[crnA2/s)

8.12E-02
7.41E-02
9.23E-02

8.12E-02
7.41E-02
9.23E-02
9.35E-02

Diffusivity
in Water
(cmA2/sj j

9.65E-06
8.69E-06
1.10E-05

9.65E-06
8.69E-06
1.10E-05
9.59E-OS

i -' '

Effective
Diffusion

Coefficient
in Soil

(cmA2/s)

2.01E-02
1.83E-02
2.29E-02

2.01E-02
1.83E-02
2.29E-02
2.33E-02

Organic Carbon
Water Partition
Coefficient (1)

iml/R)

126
364
83

126
364
83
48

Effect ive
Diffusivity

in Air
[cmA2/s)

5. 74 E- 02
5.24E-02
6.53E-02

5.74E-02
5 24E-02
6 53L- 02
G.61E-02

Soil/Air
Partition

Coefficient
(g/cmA3)

2.9(5
2 92
? 76

2 96
2.92
2 / 6

1 1 1

Alpha

Other Parameters:

RT (atm-mA3/mole)
Organic carbon content of soil (g/g)
Total soil porosity (cmA3/cmA3)
Depth of soil cover (cm)
Length of contaminated area (m)

Area A
Area B

Wind speed (m/s)
Dispersion height (m)
Exposure interval (s)
Volumetric air content of soil (cmA3/crnA3)
Volumetric water content of soil (cmA3/crnA3)

0.024
0.00!

0.35
30.5

91
16?
4.6

2
7.9E+08

0.23
0.12
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waste placed in hazardous and industrial waste l a n d f i l l s minimize gas

production due to biodegradation.

limitations--
The Shen Model does not account for the landfill gas losses in leachate

systems, run off, or soils. But here again, due to the inert properties of

the volatile constituents, this accountability is considered by Dr. Shen to be

minute. The Shen Model also assumes that the soil is completely dry with no
internal gas generation. However, the Shen Model can be modified to account

for biogas generation with a multiplicative factor of 6. This assumption

would tend to overestimate emissions by not accounting for actual wet soil

conditions below the soil cover layer. As with the Farmer Model, the Shen
Model does not account for emissions due to meteorological fluctuations (e.g.,

barometric pressure pumping).

Another limitation of the Shen Model is the incorporation of Raoult's Law

to relate the waste composition to emission rate. Raoult's Law is applicable
only to waste saturated with constituent i and ideal solutions. Application

of the Shen Model to wastes containing dilute concentrations of the
constituent i is likely to result in an overestimate of emission rate.

SEAMS Model--
The model recommended in the U.S. Environmental Protection Agency's SEAMS

jnanual is a slightly modified version of the Shen Model (41). This modified

model was proposed by Farino et.al. (49) who found that a more accurate
approach would be to multiply by the mole fraction of the volatile component

in the buried mixture.

E, - O^A (Pj/3) i <E«' 18)
1 1 1 t l

where: E1 - emission rate of the component i (g/sec);
D, - diffusion coefficient of component in air (cm /sec);

C, - saturated vapor concentration of component i (g/cm );

A - exposed area (cm2);
" Pt - total soil porosity (dimensionless);

1Z9



L - effective depth of soil cover (cm); and

M, • mole fraction of component i in the waste (gmole/gmole)

The SEAMS manual provides guidance on methods for estimating or calculate
values for the model input parameters (41).

Applicability--

The SEAMS model applies tj the same situations described for the Shen
model.

Limitatlons--

The 3EAMS model and Shen model have similar'limitations; however, the
SEAMS model relates the waste composition to the emission rate more
accurately.

Thibodeaux a Model--

The Thibodeaux a Model (43,49) was developed by Thibodeaux to estimate

the emissions of volatile constituents due to interphase vapor transport from

landfills with no Internal gas generation. The model is derived from Fick's

Law of steady state diffusion. Molecular diffusion is the controlling and
only transport mechanism addressed by the Thibodeaux a Model for the movement

of volatile constituents toward the soil/air interface and then to the
overlying air. To describe this mechanism, the two-resistance theory is used
to describe the two-film resistance in which the movement of chemical
constituents is limited by their ability to diffuse through the soil and after
migration from the surface, through the air.

The model assumes that a pure component i exerts its pure component vapor

pressure under the earth, subject to normal geophysical and meteorological

factors. Thibodeaux defines an overall mass transfer coefficient to describe

vapor movement which is hindered by both the resistance due to soil

characteristics and diffusion resistances at the air interface.

E, - X (C ( -C ( 1 ) A (Eq. 19)
L1 - Eson + Ea1r/S01l (Eq. 20)
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; . . . ' : . • " " t e:: :r ;;>.•••,.• /a i i .e ; . "hese data are available
i' "ar , ~ •' em . ; , " ; i ' ) ' h a t - n a y oe o r e s e n t at

,r-.";-'nt'o 'e-' : ha.t.ano:..-.; was;- s i t es , and a'e 'CLIO n
-•ar :us :ho'r,ioai r-T'p'e'xe tex ts , n cases ,v~ere
:rem oal data 3'° mi r>irg the arar/st must est'.mate
; re p'orrer",. /a ; i ,es . ~'^5 ;o-c to~ provides ecuations
'or - nm.at n ': ;er?air r:?':jii; re ;nem'cal croperies.
'y ' : .m:; 'enen.-:,r ,e ;i. l a rce ' :f chemical p r o p e r t y
e/nrah' i r ; o'r/i'.:^: f- 'e fererce materais suc~ as
L/ma:i et :ii ; ' 5 i 2 i . ^eadilv access ib le ccmcuterzed
s y s t e m s ar"1 ava i l abe '"• crPdiot a range of pertinent
cnem o.ai r j r . j p p ' t e s The c d m c u t e r i z e d Grach ic
E x p o s u r e Mode l ing S y s t e m i G E M S ) . a n d i t s
subsys tem CHEMEST. s an example The EPA
0* :e of T I JX IC Substances ,n Washington, D.C. has
^eveloced arid s .managing this system. Essentially a
oomcutenzed version of L/nan et al. (1982:, it can
oe rapid ly a c c e s s e d to es t ima te the chemical
characteristics necessary for volatilization estimation.

"he user of this manual can refer to Farinc et al.
!1983| for a detailed review and evaluation of existing
e q u a t ' o n s f o r e s t i m a t i n g v o l a t i l i z a t i o n f r o m
uncontro l led hazardous waste s i tes. This report
presents a survey of available air release models for
volati le substances and a cntica' analys is of the
applications and iirntat^cns of each.

i r, Landfills Without Internal Gas Generation
Equation 2-3 can be used to est imate volat i le
releases from covered landfil ls containing tox i c
materials alone, or toxic materials segregated from
other iandfilled non-hazardous wastes. Equations 2-4
through 2-7 are used to calculate certain mpi^
variables that are required to apply Equation 2-o.
Farmer et al. ( 1 9 7 8 ) developed an equation to
estimate the effectiveness of various landfill cover
types and depths m controlling volatile releases. This
equation, based on Pick's First Law of steady state
diffusion, assumes that diffusion into the atmosphere
occurs at a plane surface where concentrations
remain constant. It ignores biodegradation, transport
m water, adsorption, and production of landfill gas.
Diffusion of the toxic vapor through the soil cover is
the controlling factor. It also assumes that there is a
sufficient mass of toxicant in the landfill so that
depletion of the contaminant will not reduce the
emission rate.

Equation 2-3, simplified by Farmer et al. (USEPA
1380bj. ncorpcrates a number of assumptions (see
"anno et al 1983 for a complete discussion), such as
c o m p l e t e l y d ry so i l ( w o r s t c a s e ) and ze ro

A.fCuijn "ciTji^e'iirsd discersrci n-cceing can be used to
:ctai-> "cntannart release rales, t .3 cr:manly a icci 'or

determining r;orta."i rant atrrosonenc 'ate. Thius. 'efer to
Chaoter 3. Erv . 'onmenta i F a t e Anar/S'S, for detai 'ed
discussions of -air discers.cn "icdeis aooncacie to Lncontrc.lec
hazardous waste facilities

concen t ra t i on :t • . • . - 'an. . - :og - " .a te- 3 it "'!- , , ? |
si.r'aci?. 5nen ' ' 3 8 ' . ;oo .yer *oo rarm-f ;, s mputiPd
equation '.jr oalou-at og 'he v a c o r ' ! u < -a te 'c a 'or~i
tr.at p r o ' / i d e s a t c x i c vapo ' e m i s s . :n - a t e z-i
mult ;c iymg the bas.o equa t i on cv 'oe e x p o s e d
contaminated suraop area, in 100 t 'on >he'i "r'ocified
"he equation to: ai;o"-v :,3ii:J..-t on .;; 're ,o ia t jat ioo
rate of j sceo i f 'O c i ;mccne r ; ." tn- 'veoa1! t c x . o
mixture cy muldciyirg ov ^he weignt ' raot ion ot -he
oomcij.nent in the mixture, however, as ooirted out
bv Fariro et al. i 1 9 3 2 ' . a more accura te aporoacri
wcu'd be 'o multiply by the mole vac'icn ;f the tox ic
component ;n the buried mixture Thus. Farmer 's
equation, as modified by Shen ; ' 9 8 l i and Farino -'
al. ! l983i . s:

, M
E =DC A |p 4 3 i —

where

E, =
D, =

C,, =

A =
Pt =

emission rate of component '. (g sec
diffusion coefficient of ccmoone r it m a i r ,
(cm2 sec;.
saturation vapor concentration or component
i, (g. cm3).
exposed area, (cm2i
total soil porosity, (dimens.cniess.i
mole fraction of toxic component i in the
waste.(gmole gmole).
effective depth of soil cover, (cm).

Note that total soil porosity, rather than air-filled soil
porosity, is used in this equation. The presence of
water in a soil cover will tend to decrease the flux rate
of a volatile compound by effectively decreasing the
porosity, and also by increasing the geometr ic
complexity of the soil pore system (because water
adheres to soil particles), thus effectively increasing
the vapor path (USEPA 1980b). Farmer et al.
suggest, however, that when using their equation to
design a landfill cover, the total porosity value be
used (USEPA 1980b), thereby designing for the worst
case (i.e., dry conditions). In most instances, it will be
appropriate to apply this same worst-case logic to
the analysis of volatilization release from Iandfilled
wastes, assume that landfill cover soils are dry, and
use a value for total porosity ;n Equation 2-3. It is
recognized, however, that there may be situations
where it can be shown that cover soils exist in a wet
condition more often than in a dry one. 'n these
cases, the air-filled soil porosity (Pa) may be more
appropriate, and this value can be substituted for Pt

in Equation 2-3 when analyzing volatilization release.

If not provided in existing literature, D;, a compound's
diffusion coefficient (required for the above equation!,
can be calculated by Fuller's Method (Perry and
Chilton 1973):

16



U 01U 1 1 -l ' -
\ MW M\V

D ., i jj

where

l2-4 i

weic,nt and TO-UIO v 'u-o .n . . . i - i jn;e of
:vhior are c lose 'o that ;; : t~e ,n ' * rovv r '

com round 13
MW = mcieouia,' weight of the compound tc

ce estimated.

1 ;- ..lOouiute temperature, ; ;v.
MW.iMW, -- "-.olecj 'ar weights or toxic

T i .os tanoe and air ( 2 8 . 8 ) .
'espeot ively. ;g mole).

PI - aosolu'e pressure, f a t m ) .
H V ^ - V i = moieou.ar d i f f j s i cn volumes of

toxic substance and air (20.1).
"his s the sum of the atomic
d f f u s i o n v o l u m e s o f t h e
c o m p o u n d c o m p o n e n t s .
(cm3 mole).

To estimate shcrt- fe rm (maximum) release rates,
use a value for the temperature that reflects the
expected summer maximum temperatures. Annual
average temperatures should be used to initially
estimate long-term [average) release rates. This
initial estimated 'cng- te rm release value will be
revised as described in Section 2.3.3 to develop final
long-term release estimates.

Relevant atomic d i f fus ion volumes for use m
estimating D, are (Perry and Chilton 1973):

C = 16.5
H = 1.98
0 = 5.48
N = 5.69

Cl = 19.5
Br = 35.0
F = 25.0'
S = 17.0

Aromatic ring = -20.2
Heterocyclic ring = -20 .2

Table 2-3 presents diffusion coefficients that have
been calculated for a variety of compounds, some of
which may be present at abandoned sites.

An alternative methcd (Shen 1981) for approximating
DJ involves the identification of a compound listed in
Table 2-3 that has a molecular weight and molecular
diffusion volume (calculated) similar to those of the
toxic substance under evaluation. The unknown
diffusion coefficient can then be calculated using:

(2-5)
MW

where

DI - diffusion coefficient of the compound to
be estimated from the known D'.

D' = diffusion coefficient of a compound that
can be found T\ the table, the molecular

is value s f'cn Sfen

wnere

P, total soil pcrosity. (dimensicnless).
soil bulk density,* (g cm,3): generally
between 1.0 and 2.0 g cm3.
particie density, (g cm3): usually 2.65
g cm3 used for most mineral material.

For e s t i m a t i o n , P t can be a s s u m e d to be
approximately 0.55 for dry, non-compacted soils,
and about 0.35 for compacted soils. This same value
(0.35) is also appropriate fcr use as a generic air-
f i l l ed s o i l p o r o s i t y ( P a ) when ana lyz ing the
volatilization release from sells with a hign moisture
content (Shen 1981). Alternatively, the locai Soil
Conservation Service of f ice can be contacted to
obtain site-specific estimated air- f i l lec soil porosity
values for specific locations.

Saturat ion vapor c o n c e n t r a t i o n , C S 1 , can be
determined by (USEPA 1980b):

pMW

RT

where

Csl

P

MW,
R

oncent ra t ion of

T =

saturation vapor
component i, (g cm3).
vapor pressure of the chemical." (mm
Hg).
mole weight of component i, (g.mole).
molar gas constant, (62,361 mm Hg-
cm3.mole- * K).
absolute temperature. (Ki .

Again, use maximum summer temperatures to
estimate short-term release and annual average
temperatures to initially estimate Icng-term release.

" Values 'or soil rxlk density fcr spec.fiec 'ccaticns can be
obtained 'rcm the U S. Soil Cooservat.cn Sendee. Sons 5 F ie
data base.
" It the vacor pressure cf a cnemcai unce r ccns aeration 'S "0!
avai.afc e n standard -e'ersnce texts, estimate t is :es.:.'iced in
Lymari et al ;1982).
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E q u a t i o n i 'v. h u ^ '^een deve-looed tor spec i f i c use i n
t h e o t h e r e q u a t i o n s i n t h i s . . luidance; :'. mav not be
i p o i i c a b i e i n oner t e c h n i c a l con tex t s . E u u a t t o n
^'| :is;s t h e - o n b o a r d d e f a u l t p a r a m e t e r s fo r

a-iculati i :! . ; \"r. '.: Mte-pec: ; ' ic i t u o r m a t i o n ;s
ava i l ab l e . Equat ion ;.v rnav -e modif ied to
calculate a v F :!ia: is more a p p r o p r i a t e tor the
p a r t i c u l a r s: te. S u p p o r t i n g r e fe rences s h o u l d be
consul ted when s u b s t i t u t i n g s i t e - spec i f i c data to
ensu re tha t the mode! and specif ic parameters can
be appropriate! ' . - a p o i i e d to the sjiven sue.

:!ie o . s n t a n i i n a r : : c o a c e r i . ' r a t i o n o: v:. '.v.:h t h e
c o n c e n t r a t i o n oi ' rest:: r u b l e Da n ic i e s :?\\. , i n t ae .
n r due t o f u g i t i v e i n s : e m i s s i o n s tro.m s u r i a c e

c o n t a m i n a t i o n s i t e s . This r e i a t i o n . s h : : ; is der ived
~v Cowherd o.^S: v.r a r a p i d i.ssesstr.ent
p r o c e d u r e a p c l i c a b i e u a I ' . o i ca ! h a z a r d o u s ' .vastc
s i t e where t he su r f ace :ontam:: ia t \ : r . p r o v i d e s .•
r e i a i . v e l v cont inuous and c o n s t a n t p o t e n t i a l ;•,•::
emiss ion O ' / e r an e x t e n d e d per iod ot nme i e . : j . .
• . •ears) . The p a r t i c u i a t e en1ls^l0^s r'rom
c o n t a m i n a t e d si tes are due to '.vino e rosier, and.
the re fo re , depend on '-he erodabuuy of the sur face

VF Jrn-'.Tq;, = : LS x V x DH'i
A

SOIL-TO-AIR VOLATILIZATION FACTOR

V l '3 . I4 X a X "T,"'"

(2 x D x E x K x 10° <

a (crrr's; ;' P., X El

E + {

Standard derac.': parameter values tha t can be used to reduce Equation (8) are listed below. These represen; ":;,pjcai"
values as ident i f ied in a number of sources. For example, when site-specific vaiues are net ava i lab le , :he l e n g t h of a
side of the contaminated area (LS) is assumed to be 45 m; this is based on a contamiaated area of 0.5 acre which
approximates the size of an average residential lot. The "typical" values LS, DH, and V are from EPA 1986. 'Typical"
values for E, CC, and p, are from EPA 198-i, EPA I988b, and EPA 1988f. Site-specific data should be s u b s t i t u t e d
for the defau l t values listed below wherever possible. Standard values for chemical-specific D,, H. and Kx . can be
obta ined by cal l ing the Superrund Health Risk Technics: Support Center.

Parameter

VF
i—^>

V
DH
A

D..
E"

OC

Denmtiop. ' u n i t s ;

vo la t i l i za t ion factor (m/Tcg)
leng th of side of contaminated area (m)
wind speed :n mixing zone (m/s)
diffusion height (m)
area of c o n t a m i n a t i o n (cm:)
effect ive d i f fus iv i ty (cm:/s)
t rue soil porosity (unitless)
soil /air p a r t i t i o n coefficient (g soil/cmo air}

t rue soil density or par t icuia te density (.g/cmo')
exposure in terval (s)
n:olccuiar d i f f u s i v u v i'em"s)
Hcnr / ' j law cons tan t oKm-ny'/moi)
sea -wa te r p a r t i n c n co-efficient (cm"','3}
organic carDon par t i t ion coefficient (cm'/g)
j reanic carbon content of soil ( f rac t ion)

Defau l t

-5 m
2.25 ni..s
2 m
20.250.000 ;m:

D. x E'U3

0.35
(H.'TC.) x -11. where J-l is a u n n s

conversion factor
2.65 g/cmj

T9 x 10* s
chemical-specific
chemical-specific
chemical-specific, or K^. x OC
chemical-specific
site-specific, or 0.02

7-V
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or: '.':' ' p m e o n o n :f i n .man h e a l t h and e n v i r o n m e n t a l
:esci,r:e:i. S i t e s w i t h s u b s u r f a c e c o n t a m i n a t i o n vary great l ; .
i n t e r m : o f : o m p . e x i t v , p h y s i c a l a n d c h e m i c a l charactcr . s -

e n v i r c ' i i - n e n t u ! r e sources . The R3C.A process recognizes t h i s
d i v e r s i t y . ar.d u t i l i z e s a t i e r e d approach where assessment
a n d r e m e d i a t i o n a c t i v i t i e s a re app 'op ia te iv t a i l o r ed to
s i t e - s p e c i f i c r e n d i t i o n s and r isks. This f le .x:bi! i :y a l l : - s
R3CA to be m o r e r e s t - e f f e c t i v e t h a n t r a d i t i o n a l approaches
u n d e r w h i c h a i l s i t e s conform to uni form standards and
p r o c e d u r e s . V V h l i e -.he R3CA process is ne t l i m i t e d to a
p a r t i c u l a r das: c:" c o m p o u n d s , this g u i d e emphas izes t h e
a p p l i c a t i o n of R B C A to p e t r o l e u m f u e l releases.

I . _ The d e c i s i o n process described in t h i s gu ide in tegra tes
r i sk and e x p o s u r e a s s e s s m e n t p rac t i ce s , as suggested by the
U n i t e d S t a t e ; E n v i r o n m e n t a l Pro tec t ion Agency ; U S E P A l ,
wi t r : site assessment ac t iv i t i e s and remedia l measure selec-
t i o n to e n s u r e tha t the chosen act ion is protect ive of h u m a n
h e a l t h and e n v i r o n m e n t a l resources. The fol lowing genera;
sequence of e v e n t s 13 prescribed i n R3CA, once the process is
triggered by the suspic ion or conf i rmat ion of hazardc-..
hydrocarbon levels :

i . - . i A Tier i , :T p r e l i m i n a r y site assessment.
1 . 2 . 1 C l a s s i f i c a t i on of the s i te by the urgency of i n i t i a l

r c- f r^ .^ - - - (1
1 V .^O. . . !^ ,

1.2 .- I m p l e m e n t a t i o n of an i n i t i a l response action appro-
pr ia te for t n c se lected s i te c lass i f icat ion.

' . .-.-• Compar ison of s i t e c o n d i t i o n s w i t h Tier 1 screening
lev? : ; g i v e n i n a n eve rg reen " lock-up" t ab le c o n t a i n i n g
c.i.nsei-.u'c.vs r isk-based sc reen ing levels and other r e l e v a n t
r: n't era ' O r m k m g w a t e r s tandards , aes the t ic criteria, ecciou-

l .-o D e c i d i n g if T ier 1 s c r e e n i n g target levels are appro-
p r i a t e . a n d i f n o t .

! • - • - '• C c l l e c t a d d i t i o n a l s i t e - spec i f i c mforrnauon as ;e -
d.uur.'J. and

— c „ D e v e l o p s i t e - s p c c o i c t a r g e t l e v e l s and po in t : of

1 2 o '_ cmpa.- ison o: t h e n e g o t i a t e d t a rge t l eve l s w i t h s i t e
c :no:t:., •:.', c t toe a p p r o p r i a t e p o i n t s of c o m p l i a n c e , and i f

i n d u c e c o m b i n a t i o n s of t r a d i t i o n c . ; r e m e o i a . m e t h o d ^ • f .-
e x a m p l e , e x c a v a t i o n , p u m p a n d t r e a t , ano sou v a p o r e \ : r a c -
• . \ ,n i w i t n i n s t i t u t i o n a l c o n t r o . s a n o n c t u i a . a t t e n u a t i o n

more d e t a i l . Fcr those i n t e r e s t e d c n i ; - i n b e c o m i n g f a m i l i a r
w i t h RBCA. the shon m a i n '-< dy of t e x t p r o v i d e s a b r i e : '
oiver/ ie-A of the RBCA process see Sec t i on -i , and t h e n
p r e s e n t s RBCA procedures i n a s ; e p - b \ - s t e p f a s h i o n see
Sect . on 5 i fo l lowed bv a d . s c u s s i o n o : w a y s i n w h i c n me
process can be m.sappl ied .:,o S e c t i o n 7 . ror tnose i n t e r -
ested i n a d d i t i o n a l bacNgi r -oo . n f ) r m a t : o n . a p p e n d . \cs
have been mc ' -ded. These are focused on the f o l l o w i n g :

. \ • i .

1 . 5 2 D e r i v a t i o n of the e x a m p l e T .e r - 1 RSSL Loc^- '_ 'p
Table • see A p p e n d i x X 2 \

1 3 .3 ' _ ' ? e s of p r e d i c t i ' - e m o d e l i n g r e l a t i v e to t h e R3C.A
process i.see A p p e n d i x X3 .

1.3.-1 Considerat ions for ins t ; f c . t : c r . a i c o n t r o l s l.see .Ap-
p e n d i x X4';, and

1.3.:" RBCA e x a m p l e s i. A p p e n d . x X c i
i . - i The values s ta ted in i n c h - p o u n d , u n i t s are to oe

regarded as the s tandard. The SI u n i t s g i \ e n i n p a r e n t h e s e s
are for informat ion only .

1.5 This si^r.darti uccs "0! ;::;.••".;,'•.' :-j JJL.'.'OO-O j/; y .":o
jj.'c.'v concerns. :f any. jooocic;.'-.'..' '•'•:.'.'; ;is USL'. 1: .'.? i"c

2. Significance and Use
2. i The a l l o c a t i o n of l i m i t e d resources i for e x a m p l e , t i

m o n e y , regula tory oversight , q u a h f i e d p r o i e s s i o n a i s ) to a
one pe t ro leum release s i te necessar i ly i n f l u e n c e s correcti
ac t ion decisions at o ther sites. This has spumed the search t
i n n o v a t i v e a n d

a p p r o p n a t e cor rec t ive a c t i o n s a : p e t r o l e u m re lease s io
A d v a n t a g e s of the RBCA a p p r o a c h are as f o i l j ' - ' - s

2 . 2 . 1 Decisions are based, on r e d u c i n g the r.sl\ -f ad ' -er
n u m . a n .;r e n v i r o n m e n t a l . m p a c t s to a p p i o p r i a t e l e v e l s .

t- m a k i n g r iSN-based c c i r c c t o - e a c t i o n d e c i s i o n s .
2 2 . 5 E n s u r a n c e t h a i , : m ; : c d r e s o u r c e s a r e l o c o s s c o :

w a r Is those s i t e s '.hat pose the g r e - t e s t nsl-. ic h a m a n n e i i . i



\ I ': '. , ."•'•'..'•.' jo ." ."• ' . : • •"—o'sihg daia f rom a n i m a l m . u t i o n is a ' - a i i a o i e jn the h e a l t h e:Te;;s o: l ead i .e.:
: t - d i e " . : : - e :. v i P x :: . i- ;e: an . j r a i Rl~D for p v r e n e a t 5 \ p r o d u c e s n e u r o t o \ : c and b e h a v ^ r a ! e f f e c t . - p a r . ; c u i a : • .
I 1 . " - me -.2 o.o. '.:• r . - . n v e r ' . m g i n o - o b s e r v e d adverse e i fec : c h i l d r e n , i i o w e ' - e r . ~ . \ - e . i e ' - e s oiat i t is m.app
le1. e. • v . ' ] A I!. fr :•••;•, .oe a n : ma. s tud ; . . :n w h i c h the c r i t i c a l se t an R:"D for lead a n a os m o r g a n i c c ;m.p oind.s
e: rects .:-::e.-.ed w e r e k i d n e y t o x : c : t y . an u r . c e r . a m t v fac tor a c e n c - - b e l i e v e s t n a ; some o ! the e f i e c t s m a v x
of 7 | ( 'v ano a -7 :0010 .102 f a c t o r :f 1 were used. The EP.A has l o w ' c o n c e n t r a t
a s s i g n e e an ._-. e r a i l .,;w l e v e; ;,f c o n f i d e n c e i n the RfD
b e c a u s e a.;:v".g:i t n e ; t u d ; . was w e l l - d e s i g n e d , c o n f i d e n c e i n . c l a s s i f i e d as 32 ' . The a g e n c ; . has c n o s e n no : t o se t .1 n u m e r

heaon advi-:. . :r.e." h a i - e 'een ;et. i n s i t u a t i o n s ,n w h i c h b o t h s t a n d a r d p r o c e d u r e s :cr d o i n g so ma;, no ; ce a p p r o p r i a t e

ol ' -va te r . 3 -ec 'mm
at 2.- : ,< '.•'.' ag
c o n s u m e d , the c m t e . o o n is 5 . 1 I -< :0': u g / L .

X . . D . - M7.":L. r e c o m m e n d e d HP.A w a t e r c u a i o ; . c r i t e r i on t o r c o n s u m p : ; , : ;
X l - . - i T'oc::: J : . . ' ? : . " iu ._v—Using da ta f r o m a m r n a i of o o t h a o u a t t c l i f e a n d w a t e r : s set a t 50 ^g L .

s t u d i e s , me I J S i l P A has set an i n h a l a t i o n R:C for N!T3E at 5
m.g, m.' I n e o n v e r o n g a nO'- ;bser-ed adverse effect l e v e l

obser-ed : n c i u d e d i n c r e a s e d l i v e r and kidne;. w e i g h t and
increased s e v e r i t y o f s p o n t a n e o u s r e n a l les ions ( ' f ema les i . a i r T e l r a e t h y i lead has an a q u e o u s s o i u b i l i t ; . o f ? " : ' : ..g
increased p r o s t r a t i o n ' f e m a l e s ' ' a n d sw'ol 'en p e m c o l a r t i s s u e .

'die R :C because a l t h o u g h the s tud ' , was m e n t a l media . I n free p r o d u c t i g a s o l i n e i p l u m e s , h o w e v e r .

l a o i i n g . . n e c : r . . . d e n . s e i n t h e s u p p o r t i n g da tabase :- m e - cmd t o most so i l s w i t h m i n i m a l l e a c h i n g u n c , e r n a t u r
0:100: :; - i : g h . ^'-: d n r i r . i n g w a t e r NtCLs or a m b i e n t water c o n d i t i o n s . Aqueous s o l u b i l i t y ' - a r t e s d e p e n d i n g on : :
d u a l i t y ;r.te-;a h a ' - e been se t . H o w e v e r , a r.s.< assessment specie: i n ' - o l ' - e d Tiie s o i l ' s capaci t ; . to sorp lead is c o r r e l a t
'•"•'•'• !"••'• -e: ne 'i P . :T3 :or t n i s m a i e n a . , is p r e s e n t ! ' - j n . c : r • '•on i j i l p ' r i . c anon e x c h a n g e c a p a c : : ; . e n d . : r g a n : c m . o t :
r - ' - '-'•••' "• '.'.?'; r j ."oir. :ne ' . l - . ) t : r h e a l t h a d v i s o r i e s r a n e e f ; ? - n
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:,..î 0, oc propose: i-::::d:at:on "ilandaro:." Tn; reader .-os.o:, g r " :
v:.d note that noo. ad. possible pa'dhwavs ha ' -e r^er. m.-ur.s ?i 'd
"isidcr-d and a nam.rxr j; acr/ampuons conc;rr.me :xpc.- X-2.1 2 . .
r -icenanos and parameter vaiu;- nav; b<;n made. Theoe X 2 . 1 . 2 1
:uid 'x reviewed for appropriatcn-ss be for: using Lie \2 1 . 2 . 3
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e o u a t i o n

:s : n ; u h - i i . r f a " " ' i '

i n n a . a t .on 0 : : : • . : .o . a p u r s o r i g a n a t i n / . f r o m
iv. :: oar S TV:. 0:0

I n c e s t t s n ;f . ' r o u n d w a t e r . impacted b'-r l e a c h i n a r a t e , e x p o s u r e d u r a t i o n , e tc . i , m e source c o n c e n t r a t i o n , a n d
t r a n s p o r t r a t e s i-etweer, the s o u r c e and " e c e p t o r . i ne p o t e n ; v

''.2 : F • : t n e p a t h w a v ; c o n s i d e r e d , a p p r o a c h e s used m l a c t o r .s ie:ect;d a l t e r r e v i e w i n g a n u m b e r 01 s o u r c e s .
t l : s j p p e n 1 .x i re . : i n s i s t e n t w t t n g u i d e . i n e s contained i n Ref i n c l u d i n g the USE? A in tecpra ted Risk I n f o r m a t i o n i v s t e m
i l , IRIS ' . 1,6) database, L 'SEPA H e a l t h Effects Assessment

X2 1 -i The f o l l o w i n g . l e v e i o p m e n t presented focuses 3n.v Summary Tables t 'HEAST'i , i, "':, and pee r - r ev i ewed source,:

TA3LE X2.T Equat ions Used !o deveiop Example Tier 1 Risk-Based Screening Level (RBSLs) Appearing TI "Look-Up" Table X2. 1 —

Carcinagenic Effects ' *

^ C . 5 1'̂  ^e r ini!icr of ^a

Screennq Lavel ,R3SLj

3W < AT. ' 365 •

.ihala:icr°

1BSL. r-^-

SW x ^*. x 365

- 3A x W x n^f

"or sjrfcia/ anc excavated SD'S ;C 10 1 TII

=3o

.^esc.,' 1
-q • - - H i C ) J

o—rjafe-J WILI ihermoflyrariic Darilionmg imns. ;-•-". j j ^c _ • ' -3-« i5 -'axim^m ,,!:
a" rdicantx'. inal the seiecled nsk y .-azard leve< will -evef on -eacrieo cr exceccec i mat c".er-.icaj ir<: ;rp

sg r^e îi.i ^^^^e ^n ci^er ^y^sKlerBtions (fof example, a^ai^gr ic oacKC/ourC iev»ts, gn
;•!:„:. rg -r-e s(?"K:ec -argei '«vel '.or aBSl^, 3f RB5L_ apoeanng in :r-ese equa



Osec la Ceveiop Example Tier ' RltK-Sasec. ' Screening Level ( R B S L s j A re
Scncarcinogenic Ejects'*

.va'ei - :r-c>:s»<;-5r;a';8 irccc'; varxx rr.aia
ng -

rge<;-'cn ol sc-i, r.-.ala'.ion c' vapors and
oar*:CLia:es arc dermal ccn[ac!a C x 3VV x A T^ x 365

£r x ED

cor SL.iloal anc excavateC soils ;C :c ' .TII

ace so*.'" Amcterl icj'ecori var^r .nnala:icr:
RS3L.

.<g--c-/;

>or inhalalio-i0

• NCIS 'ha: 31!
exceeds :he -eie^a

shcu'd 06 ccrroared -vith !reTnocyra~ic car^t-cning ,—.is. sucn as soiuPSity eveis, —ax~u~ vaoc/ cencertratons. e t c . l' a -SS,.
lirr-it. iris s an indication that Ih.e se'ected -:s< or -.ara,-d :evel wnl never pe reacr.ed cr exceeded 'or that che—iicai and Ihe seecte-:

' So/eemng ieve 's 'or ir-ese —edia oased on other considerations r'lor exar-oie, aesthetic, background levels, environrrental resource ;rotecticn e:c : cjn oe ser-.e"
th these equations Dy sucsMjting 'he se'ected larger evei !cx- PaSL.^ ov P.BSL^ appearing in these equations..

"- 'hese eeuaticns are oased on =e' (1 )
' rhesa e-jL-at-cns sirrpiy c e f n e :he "c.-oss-m9dia oantiticnmg 'actc.-sO /" and ̂ .c, .

The R3SL values appearing in Table X2.1 correspond to where the intake depends on exposure parameters imgestion
probabi l i t ies of adverse health effects ("nsks") in the range rate, exposure duration, e tc . ) , the source concent ra t ion , and
'rom ! 0 " to o 1 4 resu l t ing rrorn the specified exposure.
Note tnat tins T.SK v a l u e does not reflect the probabi i i tv for
the specified exposure scenario to occur. Therefore, the
actual po tent ia l risk to a populat ion for these R3SL.3 ,s lower
than tbe lO'" to lO'"1 range.

X 2 . I . - 1 2 In the case of eompounus that have not been.
Classi f ied as carc inogens, the P.BSLs are based on the general
equat ion:

transport rates between the source and receptor . The re fe r -
enc- dose is selected after reviewing a number of sources,
including the USEPA Integrated Risk Information System
(TRIS) (6) database. L'SE?-\ Health Effectr. Assessment
Summary Tables (HEAST1 ,~"i. and p e e r - r e v i e w e d sources
R3SL values appearing in T:~ - X 2 . 1 :orr::p n '. ;c nc.ca.-d
quot ients of unify resulting f rom the s p e c t f e c e x p o s u r e
Note that this hazard quot ien t value does no; ref lect '.h,
probabil i ty fcr the specified exposure scenario io occur
Therefore, the actual potent ia l im^ac: to a popu la t i on lor

^a



"ASLE X2.4 Exposure ^arnmeto.-s Appearing ;n

3ro?r sicc-e factc-r ii 'mg/kg^av.'"';
: ".ajiar^ rj-jOi'enr ''or ncS<:j3.f ccnsiitueris i'
' excess rrjiv.cjal !i/et""e r^rcer "<$*. xr.ie lor example 10^* cr ' C ~

Oerr.icji- anc —ed'a-ipe

r .o-E — 3e

TABLE X2..5 Soil, Building, Surface, and Subsurface Parameters Used :n Generaling Example i°r 1 R 3 S ^ 3

l Z 'or ;u3iiS:.c.i!:or- o' para/reier selection

0 fusion coefcien! n air cm*,'sl
L . j.si^n cc^s^.Qen! /- water .cm'/si
c-c oied-soaca air exchange rate -L. 's i
-r3Cttcn ol organic carton in soil 'g-0 tr-soO
•16-T/ s aw constant icm j-HjCI;(c.—:-a.r;
Thickness ol capular/ 'nnce icmi
'hcx.-.ess c( vadose zone (cm)
infiltration rale of water through sc.i Icm.;year3)
Oar-xon-waler so-plxxi coefftcenl ;g-H20:g-C)
Soil-water sonct-on coefficient (g-HjC/g-sorl)
Endosed-jcacs vclume/infiltral on arsa ratic ;cm;
Enc'osed-soaca louncation or wa.l Lhicxness {c."~}
Dec!- '0 ground water - ».u • *r ;cm)
Oectn io sjdsur'ace soil sources ;cm)
33rt:cuiate amiss«n rate Ig/om^-s!
3'jrs co.~oonent sc.u3ii.tv n water ,',—g/L-H,C!
'/.'ind speed acxcve ground surface in a.moent mixing zone 'cm/si
G'CL'nd v/atar Darcy velocity :cm,'S)
vV'clth of scurcs a/ea paj-ailel to wind, or ground water How direction .cm;
Ar-o'ent 3i' m.x'ng zone height 'cm;
Ground wgtec mixing zone thickness |cm)
Area ! !ractic<i of craoxs n ic'jndat:ons;wa.ls ;cm2-c.'acKs;cmJ.tctai area;
Voiumetnc air content -n capdlany 'nnge soils icm^-air/cm^-soil)
'/ciumg'nc a" content n (oundatjon/wall c-'acVs icmj-air;cm3 tctai vo.jme;
Voiumetnc a,'.' content n vadose zcn* soils :c.-nJ-ajr:c.--J-soil]
"clai SCM Dorosity lomJ/cm^-sC'l)
'•'.oJ'jmeinc w a t e r content n capillany Vinge soils [cm-3.H70''cm--soO
Vo'w—eL-^c wale' content n fcundai on/wall c/acxs :cmJ-H3C/cm;I tota1 vc.ume;
Vciu.'retrv; wait?' ccr-ient m vacose -one soils ;cmJ-H2C/c.-n--so"l
f-oil Cuik cens i tv 'g-sos/cm^-soil;
A /e rgqr r ; ' .—e 'c-r -TOC^ 'O'x ' S I

' 00 cm
Chemical-scieciiic
Chemicai-'Deoro
C O'OOU s - '
0 01

5 cm
295 cm
30 cm/years
Chemical-specific

200 cm
•5 cm
3CC cm
1 00 cm
6 9 x 10-"

225 c-n.'s
2500 cm/years
1 500 cm
20C cm
200 .cm
0 01 cm:^c.'acks;c.-n;:-lo:ai a rsa
0 033 cm^-air/c—J-scil
0 26 c.m-j-aj.';cmj total vciu~e
0.26 cmJ-a;r/cmJ-scJ
C 38 cm^'cm^soi!
0.342 cmJ.H3Oi'cmJ-sc'i
0 12 cr°.hjC;C.~- 'c ta i '.o jm.e
0 12 c.~J-H20/c.m--50ii

3 46 v - c « 3

295 cm
30 -.-/yea's
Ohemcal-srvecSc

300 cm
', 5 cm

2CC cm
200 cm
0 01 cm--c.-ac.<s/cm-"-total area
0 33 cmj-a;.-;c.~--soii

C 25 cm'-air .'cm--so -

'.hese RBSLs is l o ^ e r '.bar. a hazard c;uot:er.t o r u i - . i ; v .
X 2 . 1 : Tables X 2 . 2 :b.rough X2.5 summar ize '.he e q u a -

t i o n s e n d p a r a m e t e r : usetl t o p repa re the e x a m p l e l o o k - u p
Tab le X2 1 appear .ng i n t h e m a i n body of t h i s guide . The
b a s i s lo i r each o!"these e c u a t i o n s ;s discussed in X2.2 t h r o u g h
X 2 1 0 .

v; ; .i:-—i':>:^!^ o;' r-,;,-j :OulJo^rs/lnJccr-,

X2.2 .1 In t h i s case chemica l m'.ake r e s u l t s i ; o m
i n h a l a t i o n of vapors. I t is assumed t h a t v a p o r ccr.ce:itr.r.:
remain cons tan t over t h e d u r a t i o n o : e x p o s u r e , ar id
inhaled chemicals are absorbed. E q u a t i o n s aopear.n
Tables X2.2 and X2.3 for e s t i m a t i n g R3SLs for v a
c o n c e n t r a t i o n s in the b r e a t h i n g zone fo l low g u i d a n c e g
i n R e f ( l ) . Shou ld t h e c a l c u l a t e d RBSL exceed t h e s a t u r
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vapor concen t ra t i on for any indiv idual component, ">/,...,,"
is entered in the table to indicate that the selected risk l e v e l
or hazard quotient oar.no: be reached or exceeded for that
compound and the specified exposure scenario.

X2 .3 Grou».d •10;.':.-"'—'ngssiion -;/ Ground -.vnter—In tb.is
case chemical in take results from inges'ocn of ground water.
It is assumed that the dissolved hydrocarbon concentrations
remain constant over the duration of exposure. Equations
appearing in Tables X2.2 and X2 .3 for estimating RBSLs for
drinking water concentrations follow guidance given in Ref
(I) for ingestion of chemicals in drinking water. Should the
calculated RBSL exceed the pure component solubility for
any individual component, ">S" is entered in the tab'^ to
indicate that the selected risk level or hazard quotient can-
not be reached or exceeded fcr that compound and the
specified exposure scenario (unless free-phase product is
mixed with the ingested water).

X 2. - (7" u u /; d '.vcter—/ n n a i a:: c n of Out do o<- l-'upcrs:
X 2 . 4 . 1 !n th is case chemical intake is a result of inhala-

tion of outdoor vapors which originate from dissolved
hydrocarbons in ground water located some distance below1

ground surface. Here the goal is to determine the dissolved
hydrocarbon R3SL that corresponds to the target RBSL for
outdoor vapors in the breathing zone, as gj'-en in X2.2. If the
se lec ted ta rge t .ape : ccr .cer . t rat ion is some value other than
:i:e RBSL for inhalat ion : t ha t is. odor threshold or ecological
cr i ter ion!, tins value car. be s u b s t i t u t e d for the RBSL.,,.
parameter appearing :u the ecuat ic r .s aiven in Tables X2 .2
and X 2 . 3 .

X2 a 2 A c o n c e p t u a l model fcr the transport of cocooc- . j
l r :m ground water to ambient air is depicted in Fig. X 2 . 1 .
F;r s i m p l i c i t y , trie re la t ionship between outdoor air and
d isso lved ground w'ater concen t ra t ions is represented in
Tables X2.2 and X2.e by the "volat i l izat ion factor." l'7\.u_,,

l ' img, im--a:r}/img,. /L-H :6)], defined m Table X2.1 . It is
based on the following assumptions:

X 2 . 4 . 2 . 1 A cons tan t d isso lved chemical concentrat ion :n
ground w-a'.er,

X2.4 .2 .2 Linear equilibrium partit ioning between dis-
so lved chemicals in ground water and chemical vapors at the
S-ouno wa te r t a b ^ e

FiG. X2.1 Volati l ization from Ground Water to Ambient Air

X2.4.2.3 Steady-state vapor- and liquid-phase diffusion
through the capillary fringe and vadcse zones to ground
surface,

X2.4.2.4 No loss of chemical as. : diffuses towards ground
surface ( that is. no biodegradation;, and

X2.4.2.5 Steady well-mixed atmospheric d ispersion ol" the
emanating vapors within the breathing zone a:; mooeied by a
"box model" for air dispersion.

X2.4 .3 Should the calculated RBSL^. exceed the pure
:.""."•• r.:it so iub i l i t v for anv ind iv idua l component . ">S" .s
entered in the table to indicate that the selected risk level ' - r
hazard quotient cannot be reached or exceeded for tha t
compound and the specified exoosu re scenario.

X2.5 Ground Ht::er — ,r.e.;;j,j,':L'••: . . • ' ' £/!L.'L.vcJ-.vo:oo , ' • :

door: I'lipars:

X2 .5 .1 In this case chemical mta \e resu l ts from the
inhalation of vapors m enclosed spaces. The chemical v a p o r -
ongjna.e from dissolved hydrocarbons in ground w a t e r
located some distance below1 ground surface. Here t l i e goal is
to determine the dissolved hydrocarbon RBSL thai cor re-
sponds to the target RBSL for vapor; in the breathing zone.
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X 2 . c 2 4 \ : ;,:•: .] ;; o i e m i c a i as i t ci lTuses tow-arcs a r o u n d
s u r f a c e ' t h a t i s , n o b : c d e g r a d a t : o n i ' , a n d

X 2 . c 2 .5 S t e a d y - e i l - m : x e d a t m o s p h e r i c d i spe rs ion o f
t o e e m a n a t i n g ' -a::ors . v i t h t n t h e enc losed space, w h e r e the
c j n v e c ' o v e ' rar .sccrt : n t o t o e b u i l d i n g t h r o u g h f o u n d a t i o n
cracks :r o p e n i n g s i s r .egi igcb.e :n co rnpanson w i t h d i f fu so -e
trup.soor..

c o m p o n e n t s o l u b i l i t y 1 '"or any i n d i v i d u a l c o m p o n e n t , ">S" is
en t e r ed in the t ao le to i n d i c a t e t h a t the selected risk leve l or
hazard q u o t i e n t canno t be reached or exceeded for tha t
c o m p o u n d and t h e specified exposure scenario.

X2.6 Si^k;d Sals—incests. Dc-^a: Contact, and
1'apcr and Pa~':c^;a:e Inhalation.

X2.6 .1 In [his case it is assumed that chemical intake
results from a c o m b i n a t i o n of i n t a k e routes , i n c l u d i n g :
i n g e s t . o n , d e r m a l acscrp t ion , and i n h a l a t i o n of both roartic-
u i a t e s and vapors e m a n a t i n g tro.m sur f ic ia j soil .

X2o:.2 E q u a t i o n s used to e s t i m a t e i n t a k e r e s u l t i n g from

X 2 . - . - ilupuat: o s .00-0 ' ^ e : : t :mute . n t . i N - e r e r . u l t m g - •• : .
t h e : h . n a i a t i . • r . of par::c i l a i • • : f - - i l :w g u : d a ; i c e c: . • • : : : : : .-' ; :
i 1 \ ,' . n n a . a t : o r . :f a i r " oc." m e m i c a i s . F :" t h i s . - . r i t e , o o:

: n : a^ , e "Cites , a n d u t m o s o o e n c p a n i c u l a t e e o n c e r t t : a t . . o . .
r e m a i n c o n s t a n t .v-er toe e x p o s u r e c u r a t : o r t

\2 i.c E c u a t i o n s used to es t imate :n:a^e resul : . "a o - - n
the i n h a l a t i o n o f a : rbrr :ve c n e m o c a i s r e s u . t m g t r o r n t o e
v o . a t i u z a t i o n o f c h e m i c c i s from, s u r t i c i a i s o i l s t o l l o w g u . d -
ance g jven i n R e f i l l f o r i n h a i a t . c n o f a i r p o r n e cnemoca i s , .

X2.1: 6 A c o n c e p t u a l m.odel :or the v . o i a t o i c a t i o n ot c h e m -
i c a l s from, a r o u n d w a t e r tc . o u t d o o r a:r is d e p i c t e d m .-
X2.3. For S i rnp i .c i tv . the ~e ia t ; cnsn :p b e t w e e n o u t d o o r . . :r
and s u r f i c i a . soil c o n c e n t r a t i o n s is r e p r e s e n t e d .n Tades
X2 .2 and X2.3 by the "vo i a t : i : z a t ; o r . l a c t o r " • ."
i i m g , ; m : - a ; r : . ' r n g , kg-so : i M de t l ned , n Tab le X 2 . 1 1 : is ~ascc
on the f o l l o w i n g assumpt ions :

X2.6 .S. i L'mforrr.iV d i s t r ibu ted chemica. t h r o u g h o u t the
d e p t h 0—d :'cm! below- g r o u n d surface.

X 2 . 5 . 6 . 2 L i n e a r e q u i l i b r i u m p a r . : t : o n i n g - -vo .h in t h e s o i l
matrix between sorbed. dissolved, and vapor phases, w h e r e
the par t i t ion ing is a func t ion of c o n s t a n t cnermcal- and
soil-specific parameters .

X2.6 .6 .3 Diffusion t h r o u g h the vadose zone.
X2.5 .6 .4 No less of chemical as :t diffuses towards g round

surface ( t ha t is, no b iodegradat ioni , and
X2 .6 .5 .5 Steady w e l l - m i x e d a tmosphere d i s p e r s i o n c : the

e m a n a t i n g vapors w i t h i n the b r e a t h i n g zone as modeled by a
"box mode!" for a i r d ispers ion.

X2.7;." I n t he e v e n t t h a t t he t i m e - a v e r a g e d f l u x e x c e e d s
tha t wh ich would occur i f a l l chemica! i n i t i a l l y present m the
surf:c:ai soil zone v o l a t i l i z e d du r ing the exposure per.od.
t h e n the v o l a t i l i z a t i o n fac to r is d e t e r m i n e d from, a mass
balance assuming t h a t a l l chem.ca l i n i t i a l l y p resent m the
sur f i c i a l soi l zone v o l a t i l i z e s d u r i n g the exposure pens \

v^ ~- ScT'.'-1 v'*r.'cr-"t1 cT'1 : ' s ' ' ! ' ' i ' " / 1 ' ' 'n ~ i r J:..'-'..!<~ '*'_;n..^r'~
X 2 . T 1 in th i s case c h e m i c a l i n t a k e is a r e s u l t o l i r . h u . c -

T T

m Ground Wa te r ;c Enc losed-Space


